SUMMARY A comparison of the estimation of urine free cortisol by radioimmunoassay with the measurement of cortisol metabolites by gas-liquid chromatography (GLC) for detecting increased adrenal cortical activity has been made. Urine samples were examined from adults with normal or increased adrenal cortical function. Urine free cortisol showed a proportionately greater increase than cortisol metabolites when levels of cortisol were above twice normal, but both procedures led to the same qualitative conclusion about adrenal cortical activity. Their precision, ease of performance, assay time, and cost were similar. It is concluded that the greater sensitivity of the free cortisol does not warrant foregoing the additional information provided by the GLC method.
warrant discontinuing the routine use of the GLC method and thus foregoing the additional information on other steroids that it provides.
Experimental SAMPLES Twenty-four-hour urine samples were collected without preservative from adults, and aliquots (25 ml) were stored at -20 oC. All samples were examined by both the GLC procedure and the full RIA procedure described below for the assay of free cortisol. On a proportion of samples free cortisol was also assayed, omitting a thin-layer chromatography purification step.
URINE STEROID ASSAY BY GLC
The method of Crook'" was used. In this procedure, steroids sequentially undergo reduction with sodium borohydride, oxidation with sodium metaperiodate, and then extraction into dichloroethane. After conversion to their corresponding trimethylsilyl derivatives, separation and quantitat ion are achieved by GLC. Chromatograms are run at 235°C with a glass column (2 m x 4 rom id) packed with 3 % OV-!. A typical chromatogram contains three major steroid peaks. The first (called the cortisol precursors peak) is derived from ll-deoxy-17-hydroxycorticosteroids (17-hydroxyprogesterone and ll-deoxycortisol together with their respective metabolites 233
The best indices of adrenal cortical function are considered to be the cortisol secretion rate! and the urinary excretion of free cortisol. 2-4 But because of the elaborate nature of these tests, if high specificity is to be achieved,6-12 most clinical laboratories have relied on group analysis of 17-hydroxycorticosteroids and 17-oxosteroids in urine or the estimation of cortisol in plasma. We have determined the former by a gas-liquid chromatographic (GLC) method which not only has greater specificity than the more commonly used methods of group analysis but also gives information on the urinary levels of androgens and ll-deoxy-17-hydroxycorticosteroids, useful in the diagnosis of the adrenogenital syndrorne-" and for assessing the degree of block achieved during the metyrapone test. a Recent developments in the supply of reagents for radioimmunoassay (RIA) of cortisol have made its specific assay more feasible and have therefore caused renewed interest in it. We sometimes have difficulty in deciding whether adrenal cortical secretion is indeed increased, even on the basis of specific measurements of metabolites. We have therefore compared our assay of metabolites with the measurement by RIA of urine free cortisol to determine whether any advantage of the latter as an index of adrenal cortical activity is great enough to ·Correspondence to REC. The relation between cortisol metabolites measured by GLC and urine free cortisol measured by RIA (with TLC) is shown in Figure 2 . In both methods results are related to creatinine and have been expressed as a function of the upper limit of the normal range. For cortisol metabolites by GLC, the upper limit of normal for men and women is 4·4 and 3· 8 mmol/rnol creatinine respectively. For urine free cortisol by RIA, with TLC, the upper limit of normal for all adults is 20'0 (Jomol/mol creatinine or, if expressed as total cortisol output, 205 nmol (= 74 (Jog)/24 hours. It can be seen that in most cases each method led to the same conclusion about adrenal cortical activity. However, there were nine cases with normal free cortisol levels associated with levels of metabolites lying between 1· 0 and I . 5 times the upper limit of normal. The relevance of this finding is discussed later.
The comparative figures for precision are given in the Table. Within-batch and between-batch precision determined from pooled urine samples were similar for both methods. Cortisol recovery in the RIA procedure was determined from the 3H-eortisol internal standard added to each urine before extraction. The mean recovery without TLC was 76·6 ± 6'0% (n = 40), and with the TLC step it ,_ _~,~~.' J . .
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Radioimmunoassay Test samples and standards (20 (JoI) were incubated with 3H-cortisol and antibody at 37°C for 30 minutes and then left to stand at 4°C for 90 minutes. Antibody-bound cortisol was removed from solution by the addition of Quso (philadelphia Quartz Co, Chester, Pa, USA) and, after centrifugation, the supernatant was assayed in a scintillation counter. The cortisol concentration in the test extracts was determined from the standard curve and then corrected for recovery to give the concentration in the original urine samples.
The effect on the RIA procedure of omitting the TLC step is shown in Figure 1 . There was good correlation (r = O'82, n = 24) between results within the normal
Results

URINE FREE CORTISOL BY RIA
Thin-layer chromatography
The dried extract was dissolved in ethanol (100 (JoI) and spotted onto a TLC plate (Merck Kieselgel, 60F 254, 0·2 mm thickness). After development for 60 minutes with chloroform: ethanol (90 : 10 vIv) the plate was examined under UV light (254 nm) and the cortisol band was eluted with 5 ml ethanol : water (90: 10v/v). The eluate was then assayed as described above for cortisol recovery and concentration.
Extraction Urine (5 ml) to which a tracer quantity of 3H_ cortisol (The Radiochemical Centre, Amersham, Bucks) had been added as an internal standard was extracted by shaking with dichloromethane (20 ml) for 10 minutes. The organic layer was washed sequentially with 0·1 MNaOH (5 ml) and distilled water (5 ml), dried with anhydrous sodium sulphate, and evaporated to dryness under nitrogen at 60°C. The residue was then either purified by TLC or, on those occasions when TLC was omitted, dissolved in 5 ml ethanol: distilled water (90 : 10 v/v). Of this solution 2·0 rnl was assayed in a scintillation counter to determine the recovery of cortisol, and the concentration of cortisol in the remainder was determined by RIA.
17-hydroxypregnanolone, pregnanetriol, and tetrahydro-and hexahydro-ll-deoxycortisol). The second or adrenal androgens peak is derived principally from two II-deoxy-17-oxosteroids (androsterone and aetiocholanolone). The third or metabolites peak includes cortisol, cortisone, and their respective tetrahydro derivatives together with cortols, cortolones, and any 11-oxygenated-17-oxosteroids present. The urine free cortisol excretion has been expressed in terms of creatinine to facilitate comparison with our reference range for the excretion of metabolites. The upper limit of the range for cortisol (with TLC) related to creatinine (20 fLmol/mol of creatinine) is lower than that found by Walker-" by a spectrof1uorimetric method, possibly reflecting the greater specificity of the RIA procedure. The upper limit of the normal range for the total 24-hour excretion, however (205 nmol or 74 fLg per 24 hours), is similar to the values ranging from 71 to 108 fLg/24 hours reported by a number of workers who used competitive protein binding" 10 or chromatographic" 7 12 techniques.
The proportionately greater increase in the excretion of free cortisol (Fig. 2) confirms the longheld view that urine free cortisol measurement is a more sensitive index of increased adrenal cortical secretion than measurement of groups of metabolites.' But it is only well marked in the patients with at least a twofold increase of free cortisol, in all of whom the excretion of metabolites was also raised. In those patients with slightly elevated excretion of metabolites but not of free cortisol it is impossible to say which one correctly indicated the state of adrenal cortical activity even after reference to the clinical notes. In any case the precision of both methods is such that it would be imprudent to regard levels just above or just below the upper limit of normal by either method as other than an indication for further studies. The measurement of free cortisol therefore appears to have little advantage over the GLC method for detecting increased activity of the adrenal cortex as a preliminary to further investigation.
There is also little between them in terms of ease of performance, assay time, and cost if commercial kits are not used. Both involve several stages and require technical skill. The GLC system, however, has the merit of providing other useful inforrnation.P 14
The time taken for the RIA can be shortened by omitting the TLC purification procedure. The latter was introduced to eliminate possible interference from endogenous steroids other than cortisol which might cross-react with the antibody. The most important cross-reactants with the antibody used are l l-decxycortisol, 21-deoxycortisol, and 17-hydroxyprogesterone (Professor W R Butt, personal communication), but we found all of them to be adequately separated from cortisol in the TLC system described. However, they are present in normal urine in small amounts only so that the higher values obtained within the normal range when the TLC step is omitted are probably due to Between-batch precision
was 53·5 ± 5 .9 % (n = 90). l l Correlation between the results obtained with and without TLC over the normal range (Fig. 1) is good (r = Q. 82), and at higher levels the interference is less, presumably because then the amount of interfering compounds is small relative to the large amounts of cortisol present. Although the number of cases with values within the normal range is not large (n = 24), it seems likely that the RIA method without TLC could be used as a screening procedure for increased excretion of cortisol.
Thus, in conclusion, the GLC urine steroid profile procedure appears to be as suitable for the laboratory assessment of increased secretion of cortisol as is the measurement of urine free cortisol with TLC purification. Its lower sensitivity is more than offset by its value in the diagnosis and treatment of the adrenogenital syndrome and in assessing the degree of Ll-hydroxylase inhibition in the metyrapone test. RIA without the TLC purification step seems to be a useful screening procedure for increased urine free cortisol in suspected Cushing's syndrome but is probably not worth setting up as an additional procedure in a laboratory with a commitment to the diagnosis of the adrenogenital syndrome, if a satisfactory single procedure is already established for the diagnosis of both conditions.
We are grateful to Professor W R Butt for the gift of cortisol antibody.
